Abstract.In particle deposition problems, colloidal potentials play an important role in adsorpting the colloidal particles onto the surface of the deposit wall once the colloids arrive in the vicinity of the wall. Therefore it is important to gain understanding of these potentials, in particular, how they are influenced by the problem parameters. With such an understanding, more insights into mitigating the problem can be obtained, and consequently, more effective approaches to tackle the problem can be taken. In this work, we present the effects of particle size, flow temperature and ionic strength of the solution on the colloidal potentials based on numerical analysis. The results support the conclusion that the rate of initial deposition of particles can be reduced if the particle size is smaller, the flow temperature is increased, and the ionic strength is reduced.
Introduction
Understanding the mechanism of how particles of colloidal size (1nm − 1µm), suspended in a flowing liquid, deposit on walls, is of widespread interest in various applications including manufacturing and process industries, natural aquatic environments, and medical sector. An important part to be understood is the colloidal potentials which play an important role in adsorpting the colloidal particles onto the surface of the deposit wall once the colloids arrive in the vicinity of the wall. Because of the significance of the interactions, numerous research works to quantify them have been undertaken and published in the literature, pioneered by well-known DLVO theory [1] .
According to this theory, the total colloidal interaction between the colloids and deposit wall, which leads to the adsorption of the colloids onto the wall surface, is the sum of a dispersion force, known as the van der Waals interaction and the electrical double layer interaction. The reviews and detailed discussions of the DLVO theory are available in [1, 2] among others. In particular, the applications of the theory to colloidal deposition problems can be found in [2] .
In particle deposition study, equally important is to investigate and gain understanding of the roles played by the parameters involved. With such an understanding, more insights into mitigating the problem can be obtained, and from here, more effective approaches to tackle the problem can be taken.
We have previously presented the effects of the flow and physicochemical parameters on the rate of deposition in [3] . The variable parameters involved are: (1) the velocity of the flow (2) temperature of the carrying fluid, (3) the ionic strength of the solution, and (4) the particle size. Results show that the rate of initial deposition of particles can be reduced if the particle size is smaller, the flow velocity is reduced, the flow temperature is increased, and the ionic strength is reduced.
For completeness, we present here how these parameters affect the colloidal potentials, which are the most important part of particle deposition systems.Such information allows for advances in this field, whereby better mitigation strategies can be formulated based on the understanding of how the parameters affect the colloidal potentials and consequently the rate of deposition.
Theory of Particle Deposition
Consider particle deposition in laminar, isothermal, incompressible flow, through a parallel platechannel of width 2b through which a dilute suspension of spherical particles of radius a in carryingfluid with dynamic viscosity µ and temperature T is flowing with mean velocity V m . For such case, the dimensionless governing equation can be expressed as follows (refer to [4] for details)
(1)
wherec is the particle concentration, t is time, x is distance from inlet, and H is separation distance between surfaces of wall and particles, all of which in dimensionless form. Meanwhile, Pe is the problem Peclet number defined as
where k is the Boltzmann constant, while F 1 (H) and F 3 (H) are hydrodynamic correction functions which take into account hydrodynamic interactions through the reduction of particle mobility in the vicinity of the wall surface. These functions are defined as [5] ( ) 
H H
Following [6] , the total colloidal potential φ is thought to be composed of the Lifshitz-van der Waalsinteraction LW φ and the electrostatic double layer potential EDL φ as described by the DLVO theory, i.e.,
where these potentials are defined as [6] .
In the above expressions for the potentials, A 132 is the Hamaker constant for interactions of particle 1in medium 3 with a planar surface 2, ζ 1 , ζ 2 are the electrical potential (i.e., the zeta potential at shearplane) of the particle and wall, ε is the relative permittivity or dielectric constant of the medium and 0 ε is the permittivity under vaccum, τ = κa is the dimensionless Debye-Huckel reciprocal length,and 
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Numerical Model
To solve the problem described above, a numerical model presented in [6] was employed since it hasbeen shown to provide good approximations to the experimental results of the deposition rate forsome physicochemical conditions. Using this model, the colloidal interactions on the wall surface arelumped as a constant flux boundary condition K defined as
where δ is the dimensionless diffusion boundary layer. In addition, a new GS4-1 time integrationframework [7] was used to solve the numerical model computationally. Details on the numerical modelcan be found in [4] .For validation of the employed numerical model, Table 1 shows that we were able to reproduce the results given in [6] for the two types of particles considered (UV-82 and UV-148). This provides some confidence in the numericalmethod used in this study to investigate the effect of parameters on the colloidal potentials. 
Parametric Studies
First, it is important to note that the flow velocity does not play role in determining the values ofthese potentials as evident from Eq. 5 and 6. The resulting Lifshitz-van der Waals interaction LW φ and electrostatic double layer potential EDL φ are the same regardless of the flow velocity value,and therefore this parametric study excludes the effect of such a parameter. We present in this sectionthe effects of particle size, temperature, and ionic strength on the colloidal potentials. Particle size.To investigate the effect of particle size on the physicochemical characteristics of theproblem, we solve the problem for the two types of particles considered in [6] : (a) UV-82, and (b) UV-148, with ionic strength of C s = 100mM and temperature of T = 25 o C. Table 2 shows, for both particle types, the following parameters related to the physicochemical characteristics of the problem: (1) dimensionless Debye-Huckel reciprocal length τ , which plays significantrole in the determination of the Electrical Double Layer potential EDL φ as seen in Eq. 6, (2)the dimensionless
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Debye-Huckellength 1/τ , which indicates the EDL φ thickness, i.e., a length in the Hdirection at which EDL φ plays role, and (3) the resulting K value which dictates the rate of deposition according to Sjollema and Busscher [6] (see Eq. 7). From Table 2 , it can be seen that as theparticle size increases, τ increases, and therefore the range at which EDL φ plays role (1/τ) decreases.Since the repulsive potential acts over only a smaller length (in the H direction), the rate of depositionrelatively increases as evident from the larger value of the K constant. It is also to be noted that thedifferent particle sizes do not have any effect on the value of the Lifshitz-van der Waals interaction LW φ since the evaluation of this attractive potential at a distance H is independent of the particlesize (see Eq. 6). Therefore, in terms of the physicochemical characteristics, the particle size hasonly effect on the EDL φ repulsive potential. Fig. 1 shows the colloidal potentials. From Table 3 , it can be seen that as temperatureincreases, the value of τ increases, resulting in lower value of K. Meanwhile, from Fig. 1(a) we cansee that for both particle types, the magnitude of net colloidal potential φ increases as temperature decreases. Since φ is dominated by the attractive Lifshitz-van der Waals interaction LW φ as shown in Fig. 1(b) , there is less attraction to the wall as temperature increases, hence deposition rate reducesas dictated by the smaller value of K. Ionic strength.Finally, we discuss the effect of the ionic strength on the colloidal potentials. For this purpose, weconsider four colloidal suspensions of different ionic strength: C s = 10mM, 20mM, 70mM, and 100mM. For each case, the temperature is T = 25 o C. Table 4 showsthat as the ionic strength increases, τ increases, and therefore the dimensionless Debye-Huckel length(1/τ) decreases. Consequently, the constant K increases, which then increases the rate at which theparticles deposit on the wall surface.
It is also important to note that the ionic strength does not only influence the EDL φ thickness, but also the magnitude of this repulsive force. As the ionic strengthincreases, the magnitude of the zeta potential ζ decreases [6] , and therefore the magnitude of the repulsive EDL φ potential also decreases (see Eq. 6). As both the magnitude and range of the repulsive EDL φ potential decrease, the energy barrier, which hinders deposition due to the presence ofa repulsive force, decreases and therefore the particles deposit on the wall surface at a higher rate. Onthe other hand, when the ionic strength is low, both the magnitude and range of the repulsive EDL φ potential increase, and therefore the energy barrier is higher resulting in smaller rate of deposition. 
Conclusion
The effects of parameters (particle size, temperature and ionic strength) on the colloidal potentials of particle deposition system discussed here are consistent with those results presentedpreviously in [3] for the effects of these parameters on the rate of deposition. Therefore, they providesupport for the conclusion that the rate of initial deposition of particles can be reduced if the particle sizeis smaller, the flow temperature is increased, and the ionic strength is reduced. Such information allows for advances in this field, whereby better mitigation strategies can be formulated based on the understanding of how these parameters affect the colloidal potentials as well as the rate of deposition.
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